Introduction
Currently, there is an upsurge interest in the revival of natural dyes for textile because they are advantageous in terms of sustainability, green technology, and no health hazards. However, the industrial application of natural dyes is not activated and limited by the following reasons: secure supply of sufficient amount of plant dye material; colorant extraction and storage; standardization of dyeing process on modern equipment; acceptable fastness properties 1) .
For introducing natural dyeing into modern dye plants, natural dyes are required as powder form like synthetic dyes rather than liquid extracts 2) .
It is necessary to make easy and convenient to use and store colorants for dyeing at all seasons 3) . Safflower, the dried flower petals of Carthamus tinctorius L., has long been known for a dye plant used for cosmetics and textiles in Korea, Japan and China.
It has also been used in oriental medicine for the treatment of menstrual irregularity, dysmenorrhoea, amenorrhoea, injuries from falls, coronary heart disease, † Corresponding author: Younsook Shin (yshin@jnu.ac.kr) Tel.: +82-62-530-1341 Fax.: +82-62-530-1349 thrombosis, epidemic hepatitis, etc. 4) .
Safflower contains yellow and red colorants.
The main constituents of the water extract of safflower are safflower yellow colorant. The yellow colorant, water soluble C-glucosyl quinochalcones, has numerous components such as safflomin A, hydroxyl safflower yellow A and safflower yellow B being the main ones 4, 5) .
The yellow safflower colorant has been used as a natural food colorant for a long time, mainly in colored juice, jelly and candy because of its water solubility 6) . On the other hand, red safflower colorant was originally used for a cosmetic and textile dyeing and printing, and is also currently used as a food colorant 7) .
The main component of the red colorant is called carthamin and due to its low solubility in water, the red colorant is mainly used in colored chocolate in Japan. The stability of natural colorants in food has long been an important factor in particular when the food materials are pigmented through complicated manufacturing processes. There have been several reports on the stability of safflower pigments mainly focused on the point of food processing [6] [7] [8] [9] [10] [11] .
Abstract:
The stability of yellow and red dyes prepared from safflower (Carthamus tinctorius L.) in aqueous solution and in solid state was investigated. External factors such as light irradiation and temperature on the stability were examined during storage. Changes in absorbance of dye solutions and the color changes of fabrics dyed after long time storage were measured. Also, color reproducibility during storage was investigated by dyeing test on various fabrics. Red colorant in aqueous solution was very unstable to light, resulting that about 40% of absorbance were lost in 12hrs. The absorbance of yellow dye solutions was not decreased within 84hrs. In aqueous medium, yellow dye was much more stable than carthamin. Both dyes are relatively stable for long storage when they are stored in solid state compared to when in aqueous solution. Color changes are marginal in both dyes.
For textile use, the stability of natural colorants in aqueous medium as well as in solid state is an important factor because the textile materials are colored through dyeing process in aqueous solution and also the dyes are stored in solid state until they are being used after a certain period of time.
We investigated the storage stability of yellow and red dyes extracted from safflower in aqueous solution and in solid state. Effects of light irradiation and temperature were investigated to verify storage stability by recording changes in absorbance with storage time.
Also, color reproducibility is evaluated by dyeing test on various fabrics.
Experimental

Materials
The fabrics used were shown in Table 1 . Dried safflower petals were purchased in oriental medicine market.
Chemicals used were reagent grade.
Preparation of yellow and red powder dyes
Safflower yellow colorant was extracted from dried safflower petals in a liquor ratio of 1:100 in distilled water at 40 for 2 hrs two times using a constant ℃ temperature shaking bath. The first and second extracts were mixed together, filtrated, concentrated with a vacuum evaporator, and freeze-dried at -40℃ to obtain safflower yellow dye in powder form. The yellow dye freeze-dried was used without further purification. Yield was about 34%. 
Characterization
Absorbance and absorption spectra were measured with a UV-Visible Spectrophotometer (Agilent 8453,
FT-IR(Fourier Transform Infrared Spectrometer, Nicolet 520, USA) analysis was done by KBr pellet method to characterize the yellow and red dyes prepared.
Moisture contents of the dyes were calculated from weight difference before and after drying in a vacuum oven for 24 hrs. 
Storage stability test of yellow and red dyes
Results and Discussion
Characteristics of powder dyes
Maximum absorption peaks (λmax) of yellow and red dyes were observed at 405 and 520 nm in the visible region, respectively ( Figure 1 ). It has been reported the λmax of yellow color in the range of 395 to 412 nm and red color (carthamin) at 520-521 nm in acidic conditions [6] [7] [8] [9] 11) . , C-O stretching at 1000-1100 cm -1 were appeared in the spectrum of yellow dye.
On the other hand, phenolic O-H stretching peak at 3300-3400 cm -1 decreased and aromatic C=O stretching peak at 1585 cm -1 increased in the spectrum of red dye 12) . Peak at 2929 cm -1 in the spectra of both dyes might be due to CH2 or CH3 stretching.
A number of yellow colorants, water-soluble C- . Further analysis would be necessary for detail.
Color stability of dye solutions to light
Dye solutions were irradiated with daylight and their UV-Visible spectra were recorded to observe color degradation ( Figure 3 and 4) . -0hr Carthamin is less stable than safflower yellow colorants, which is confirmed by its higher rate of discoloration. Therefore, it is preferable to wrap the container with red film, and to stock it in a dark place at low temperature level to lessen the discoloration of carthamin in aqueous solution.
Stability of powder dyes to storage temperature
In natural dyeing, water extract of colorants has been usually used so that it was difficult to control dye concentration and reproduce color comparing with synthetic dyes. In this study, safflower yellow and red dyes were prepared in powder form for improving color reproducibility. Natural dye in powder form would be also very convenient for use and storage as well as distribution in the commercial market. Table 3 . Absorbance change of yellow and red powder dyes during storage
Storage time(day)
In order to investigate the storage stability of powder dyes, the yellow and red powder dyes were kept at room temperature and in a freezer for 30 days. Changes in absorbance were measured every 5 days during 30 days storage (Table 3 ). The results show that both dyes in powder are relatively stable at 25 as well as -20 .
℃ ℃
Yellow dye in powder state can be stored at room temperature. Red dye is slightly more stable at lower temperature, thus storing in a refrigerator is recommended. Safflower yellow B, a major component of yellow colorants in safflower, in aqueous solutions lost 21-46% of color on heating for given intervals at 121℃ 8) ,
indicating that temperature is a definitive factor in the stability of safflower yellow B in liquid media. Whereas, solid safflower yellow B resisted any serious discoloration by the heat treatment 8) .
The red and yellow powder dyes prepared have been kept in a refrigerator for more than two years and used for dyeing fabrics to evaluate storage stability. Silk, wool and nylon fabrics which showed good affinity to yellow dye were used to evaluate the stability of yellow dye (Table 4) . On the other hand, cotton, ramie and rayon fabrics which have good affinity to red dye were used to evaluate the stability of red dye( Table 5 ).
The color differences ( E Δ * ) of dyed fabrics were 0.58-3.17 for yellow dye and 2.57-5.12 for red dye.
Both dyes are relatively stable for long storage when they are stored in solid state compared to when in aqueous solution. Yellow dye powder was more stable than red dye powder in long term storage. for ramie, and 2.57-2.94 for rayon. Rayon showed less color difference than cotton and ramie. The red dye produced more variation in color than yellow dye.
Color reproducibility
We also found that ramie fabric showed different shade with different origin of production. For example, dyed ramie originated from China appeared R color (Ramie samples 1-3) while ramie originated from Korea appeared RP color(Ramie sample #3) even though red dye from same batch was used.
Red dye powder was less stable than yellow dye powder. It is necessary to find the process producing more consistent quality of dye. Table 7 . Color reproducibility of prepared red dye powder
Conclusions
The absorbance of yellow dye solution at 405nm
gradually decreased and about 93% of absorbance was retained after 200 hrs under daylight exposure.
Red colorant in aqueous solution was very unstable to light, resulting that 40% of absorbance were lost within 12 hrs and then discolored completely to yield pale-yellow colored solution. Carthamin is much more unstable than yellow colorants in aqueous media at acidic conditions. Both dyes are relatively stable for long time storage when they are stored in solid state compared to when stored in aqueous solution. After storing for long time, both dyes produced relatively consistent color.
